Pharmacological modulation of cardiac and vascular contractile protein function.
The Ca2+-dependent regulation of contractile protein interactions in cardiac and vascular smooth muscle involves structurally related but distinct Ca2+ binding proteins. In vascular smooth muscle, Ca2+ binds to calmodulin, and Ca2+-calmodulin activates myosin light chain (MLC) kinase with ultimate stimulation of MLC phosphorylation and actin-myosin interactions. The largest class of inhibitors of vascular contractile protein interactions are the calmodulin antagonists which include certain Ca2+ entry blockers. Pharmacologically, some of these agents can be distinguished from pure Ca2+ entry blockers by being more effective vs. vasoconstrictor agents in vitro, less cardiac depressant, and more effective as platelet aggregation inhibitors. An even greater distinction from Ca2+ entry blockers is evident with another series of agents, isoquinolinesulfonamides, which directly inhibit protein kinase activity. Cardiac muscle myofibrillar regulation involves Ca2+ binding to troponin C (TnC). Some cardiotonics, such as Vardax and APP 201-533, increase the Ca2+ sensitivity of cardiac myofibrillar ATPase activity with a concomitant increase in Ca2+ binding to TnC. Several calmodulin antagonists, Ca2+ blockers, and structurally related agents differentially affect cardiac myofibrillar ATPase activity. Potency and efficacy of some of these stimulating agents is markedly greater than Vardax or APP 201-533. Mechanistically, all agents do not affect cardiac MLC phosphorylation, but directly enhance the Ca2+ sensitivity of ATPase activity. However, differential effects on basal and maximum ATPase activity by some agents suggest more complex or additional effects which are related to the type of agent as well as the species (dog vs. hamster). A major subcellular defect in congestive heart failure in various small animal models is a depressed maximum ATPase activity. Thus, a desired goal would be a pharmacological modulator which increases maximum ATPase activity, not necessarily Ca2+ sensitivity. In sum, it is possible to identify agents, Ca2+ binding protein modulators, which directly inhibit vascular smooth muscle and stimulate cardiac muscle contractile protein interactions. The potential advantages/disadvantages of this approach for vasodilator/cardiotonic drug development will have to await future development of novel compounds targeted specifically for these cellular regulatory processes.